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Attempts t o  develop an optinurn i n t r a t h o r a c i c  a r t i f i c i a l  h e a r t  pump 

have r e s u l t e d  i n  a fami ly  of pumps &ich  have their moving elenGnt a c i k a t e d  

by a pnlszi t ing f l u i d  f low,  gas or l i q u i d .  

p i s t o n ,  a f l e x k g  diaphragm: o r  a co laps ing  bag as t h e  blood pumping element.  

They are designed t o  be l ight-wieght  and r e l i a b l e .  

by techniques  such as r o l l i n g  diaphragm seals and non-tocching surface;.  

Ant 

promote s w i r l i n g  blood flow. 

rcedical framework i n  which they  must be considered can b e  found i n  t h e  

companion pape r  t o  this one. 

* 

These pumps hay have a moving 

liemolj-sis is n:in;,?lized 

tjc c h a r a c t e r i s t i c s  are  promoted by an-angeixent o f  p o r t s  t o  

Further  d e s c r i p t i o n  o f  t h e s e  puaips and t h e  . 

The a c t u a t i n g  f l u i d  is ducted to t h e  p u q  via  small d ia i ie te r  t ub ing .  

With p rope r  c o n t r o l  of  t h i s  d r i v i n g  f i u i d .  j d e a i  opera t ion  of t h e  puxg 

can be  achieved.  An outs tanding  f e a t u r e  o f  t h e  f lu id -d r iven  pm'p bit11 

e x t e r n a l  c o n t r o l  systen is t h a t  g rea t  f l e x i b i l i t y  of cpe ra t ion  is poss ib l e  

wi thout  ad justnient o f  i n t r a t h o r a c i c  components. 

It  is t h e  purpose o f  t h i s  paper t o  d i s c u s s  some of  the func t ions  which 

an  i d e a l  control  system f o r  this a p p l i c a t i o n  should perform, t o  d e s c r i b e  

haw a maxinnm f l e x i b i l i t y  "first generation" system was developed, and 

t o  Tndicate  a p o s s i b l e  course f o r  €uture p rogres s .  
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ai'ter t h e  nu:,iber implyin;: t h a t  tliey m u s t  be  iriip : e w n t e d  i n  a dual  channe ' : ~ ~ i ? l i : ~ ~ i i .  

Thus a systeni wi th  capabiljt i es  : -7  would be  r e q u i r e d  t o  p e r f o m  13 I'unct i o n s .  

We wo,ild l j k e  t o  ti-), p r e s s u r e  waves which a re  i d e n t i c a l  t-0 those in  the  dog ' s  

vent i - jc le  01- a3 an  a l te i -na t ive  we i-iighi =.Libst i t i i ie  a 
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c pp'i  ,,.- a l ihe:>, prosiiect. In  t h e  case  o€  the bel lofram h e a r t ,  the ?osjton 

T o  irnpler!ent. c a p a b i l i t y  27 has  n o t  y e t  been s e r i o u s l y  considpred.  

EIecti-nn5cally this capability could be easilly handled i n  a system 

::hich inccqo i -a t ed  an ana log  crnpi i ter .  provided only t h a t  t h e  s igna  1 

i d  i c n t  il'e of recLulred blood f ' l w  r a t e  \ + e x  a\ a i l ab  ' e .  Thas agn ;n. 

. .  - .  I 1   lie ri!s.c tncr ' n k  i s  the s1recia;ized t ransducer  system to sense t h i s  
t 

assenbLies making it an easier  job  t c )  asselible such a syste'ii. 

one y e a r  enoiigh net; equiper, en t  has  becorne avai 1 ab1 e t o  nake cons idel-a111 ci 

Within 











irrated by 2 4  strajgli t  l i n e  eegxents. 



lrig speeds For .c,ysio:e and d i a s t o l e  a ca:7 a c t u a t e d  microswitch was 

used t o  select  one of txo i npu t  voi ta2es  f o r  t h e  c o c p a r i o n  c i r c u i t  

01 tlie a m p l i f i e r .  

-Ianiml poier i t jcmeler  011 the con t ro l  panel which %as cai ib ra t ed  1-01- pi11 se 

These voltages. i n  t u n .  were der ived  from a single 

i n c r e a s e  is acchie.5-ed mainly through speeding LIP t h e  d l a s t o l  e s:<eei:in2 

speed as the  prugraqi o f  F i g .  22  i n d i c a t e s .  





fed F r o i n  the func t ion  genera tor  to t h e  p r e s s u e  servo be tinder manila: 

conti-01. T h i s  is  done by sirnpl!- jn?i-odiicing two aryl j t u d e  cOFk*. ' -*  3% 





it ;anal ca,)ab i l i t i e s  beyund tl iose which were s t r ; c t : y  necessary t o  

s a t i s f y  t h e  re4;u irements set  down above. These a d d i t i o n a l  c a p a b i l i t i e s  

a r e  i n  the  area of readout  signals and d i sp lays .  

Spec iCica i ly ,  i t  was noted t h a t  s ince  pump rnovinlr elenlent pos t ion  

was a v a i l a b l e  i t  should be p o s s i b l e  t o  use t h i s  siLCna1 f ~ i -  more than  

a s i ~ , ; J e  posiC5on d i s ? l a y .  f o r  one th ing  i n  a 1)istcin and cylindei-  

?hc pi-oduct o f  p i s t r ,n  a rea  and instantaneous p' iston \'e i ~ c  ;t!, : 

11 '  the , ) i s ton  v e i u c i t y  is p o s i t i v e  f l u i d  is be ing  pumped o u t  O F  t h e  

cy1 iiidcr: 

T i i i s  sni7:c rc?niion a p p l i e s  

a:); i-clj,i-iate:y s i zed  v j r t t i a l  ; ) is ton a rea .  

si ;_nal was d i i'i'ei-ent ; a t d  e l e c t r o n i c a l l y  &nd muZtip2 i e d  b! an  a:li:roy- 

if it is negat ive  3Xuid is be ing  drawn in t c  the cy I i ndc r .  

a bag t y : i e  h e a r t  ii !;e i)r>stulaie an 

In  any ca5.e t h e  pistcsv prsi.:icin 



s m e  01 a r t e r i a l  and v e r m m s  instantaneous fiows r a t h e r  t han  t h e j r  di-f€erence 

and then  L ' i l t e r ing  t h e  r e s u l t j n g  vol tage  wi th  a slow jrilter 

is then  d isp layed  on a galvanometer c a l i b r a t e d  i n  100 d i v i s i o n s  which repre-  

s e n t s  "percent  of maximum blood f l o w  r a t e " .  

a d d i t i o n a l  readout  elements is  shown i n  Fig.  1 9 .  

complete system which was developed for '  t h i s  a p p l i c a t i o n .  

has  been shown t o  adeqca te ly  f u l f i l l  requirements 1-6 w i t h  a bel lofrazi  h e a r t  

and will soon be extended t o  do t h e  same with a bag t>'pe h e a r t .  It  , e r n i t s  

S i 7 i G G t h  s t a r t u p  and ail- reiloval Crom t h e  a r t i f i c i a l  h e a r t s :  it pe rmi t s  exact 

n o n l t o r i n g  o f  h e a r t  pump moving element p o s i t i o n .  and purp flow r a t e s ;  

and i t  ope ra t e s  wi th  a g r e a t  enough degree o f  self-adjustement  to satisfy 

t h e  retquirenents of most p r e s e n t  day i n t r a t h o r a c i c  f l u i d  dr iven  a r t i f i c i a l  

h e a r t  experiments .  

The r e s u l t  

The o v e r a l l  system with t h e s e  

T h i s  t h e n  r e p r e s e n t s  t h e  

This  system 



FU TUR r, 'RECCOMIXIATTONS 

The "first generzt ton? '  system here  descr ibed  is p r e s e n t l y  a working 

system. t h e  only  one of its kind:  and des t ined  t o  see much f u t u r e  use.  

Enough experience was gained i n  i t s  cons t ruc t ion  and use  t o  p o i n t  o u t  

many areas f o r  improvement i n  f u t u r e  work of t h i s  type.  

S t a r t i n g  from the t o p :  it should be recognized t h a t  maintenance. 

and upgradin," of  such a system can be handled only i n  an o rgan iza t ion  

b;hich i s  s t a f f e d  wfth persons having t h e  equive len t  o f  a n  e lectr ical  o r  

mechanical engineer ing  educat ion with cons iderable  e l e c t r o n i c s  and 

servomechanisms experience.  

are  a l s o  r e q u i s i t e .  

The s e r v i c e s  o f  e l e c t r o n i c  technicLans 

i 

fiture machines s h o u l d , b e  b u i l t  wi th  a view toward high r e l i a b i l i t y  

of ope ra t ion  and shou1d;at t h e  saw time. inc lude  a ' s a t i s f a c t o r y  

ope ra t ion  monitor". 

de t ec t  in:: a mal func t ion  i n  e i t h e r  chanel  and . when necessary.  should 

This monitor should have t h e  c a p a b i l i t y  o f  

au tomat i ca l ly  switch over t o  a standby machine. 

This machine r equ i r ed  e x t e r n a l  connect ions t o  11C 3 and t o  p o s i t i v e  

and nega t ive  p re s su re  suppljes . 
should  inc lude  its o m  internal!  compressorjvacuum pump, s u i t a b l y  v i b r a t i o n  

and a c c o u e t i c a l l y  i s o l a t e d .  

hel.ium. C 0 2 .  and a i r .  

For n e a t e r  packaging: t h e  next system 

Thfs pneumatic system should be usab le  with 

In designing future machines it is reccomended t h a t  t h e  system 

consist of  a t x o  chanel  p r e s s u r e  servo wi th  a " s a t i s f a c t o r y  ope ra t ion  

monitor:' and an internal pressure ,  vacuum system, as  nent ioned above, 

P1as-a desk t o p  t y p e  analog cornput'er, and a central c o n t r o l  p a n e l  f o r  

coord ina t ing  t h e  system. The analog comp.ter should be obta ined  wi th  



removable p r o b i e s  boards and should be of  good enough q u a l i t y  t o  p e n i t -  

i t s  u s e  with o t h e r  n:edical dynamic s imula t ion  and c o n t r o l s  t y p e  se sea rch  

p r o j e c t s .  

A r e sea rch  o rgan iza t ion  seriously i n t e r e s t e d  i n  doing zirtif i c ia l  

h e a r t  r e sea rch  d i r e c t e d  toward human p a t i e n t s  should have a t  least 

two such machines. wi th  one a v a i l a b l e  a s  a s tandby.  

long  term n a t u r e  o f  this and o€ success fu l  animai experiments ,several  

machines of this t ype  may soon be ? a r t  of t h e  scene i n  medfcal l a b o r a t b r i e s  

doing c i r c u l a t i o n  and a r t i f i c i a l  h e a r t  r e sea rch .  

I n  view of  t h e  


